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Many farmers in South and Southeast 
Asia describe rice tungro disease as a can-
cer disease because of the severe damage it 
causes and the difficulty of controlling it 
(121). As the most important of the 14 rice 
viral diseases, tungro was first recognized 
as a leafhopper-transmitted virus disease in 
1963 (88). However, tungro, which means 
“degenerated growth” in a Filipino dialect, 
has a much longer history. It is almost 
certain that tungro was responsible for a 
disease outbreak that occurred in 1859 in 
Indonesia, which was referred to at the 
time as mentek (83). In the past, a variety 
of names has been given to tungro, includ-
ing accep na pula in the Philippines, pen-
yakit merah in Malaysia, and yellow-
orange leaf in Thailand (83).  
From the 1960s to the mid-1970s, there 
was a huge increase in the area planted 
with modern high-yielding and early-ma-
turing rice varieties that required reliable 
irrigation and high inputs of fertilizer. Such 
intensive cropping systems, which were 
characterized by a short canopy crop with a 
continuous rice planting, delivered impres-
sive increases in rice grain yield (111), but 
also were conducive to the development of 
rice plant- and leafhoppers populations and 
to the spread of viruses that they vectored. 
Therefore, during this period, a series of 
large-scale outbreaks of tungro was re-
corded in India, Thailand, Indonesia, 
Malaysia, and Philippines. Rice farmers 
and poor consumers suffered severe hard-
ship during these outbreaks, and the threat 
to food security in the regions affected 
gave the disease a high political profile 
(114). The difficulty in forecasting out-
breaks and the rapidity of disease spread as 
epidemics developed created a problem of 
alarming dimensions. With severe infec-
tions, total loss of grain yield occurred and 
many farmers dependent on credit to pur-
chase inputs were not in a position to repay 
their loans. The frequency and intensity of 
major tungro epidemics have declined 
since the peak that was reached in the late 
1960s to the mid-1970s. However, the 
disease remains a serious threat in endemic 
areas in Philippines and Indonesia (Table 
1) and periodically emerges as a significant 
problem in eastern India and parts of Bang-
ladesh (2,35). The areas where tungro is 
endemic are small in relation to the total 
rice production of the region. However, 
these endemic areas constitute sources 
from which the disease can potentially 
spread to other localities and develop into 
large-scale outbreaks (109). Many farmers 
in areas where tungro occurs infrequently 
still view the disease as an important con-
straint to rice production (121). This is 
especially true where rice production is the 
main source of a farmer’s livelihood and 
where the farm household has limited abil-
ity to absorb the shock of one total crop 
failure. Lenné (67) has drawn attention to 
the fact that pest problems tend to affect 
poor households disproportionately, and 
this is a characteristic feature of subsis-
tence rice farming in Asia. 
The development of appropriate meth-
ods to manage tungro was constrained for a 
long time by a limited knowledge of the 
epidemiology of the disease and the ecol-
ogy of its leafhopper vectors. The need to 
produce rice varieties with resistance to 
tungro and to its main vector, Nephotettix 
virescens (Distant), was recognized in the 
mid-1960s as the scale of the disease prob-
lem became apparent. Early breeding pro-
grams were hampered by the absence of a 
suitable technique for discriminating be-
tween vector and virus resistance. Added to 
this, it was not until the late 1970s that it 
was confirmed that two viruses were 
associated with the disease (54). A 
serological assay was then developed for 
each of the viruses, and serology remains 
the most widely used diagnostic method 
for breeding work and epidemiological 
studies (13). Most of the resistant varieties 
released by the International Rice Research 
Institute (IRRI) and by national breeding 
programs had resistance to the vector and 
not to the viruses. These varieties made a 
major contribution to reducing the inci-
dence of tungro, but in many cases the 
resistance was not durable and new varie-
ties had to be introduced as the old ones 
became ineffective (33).  
Recent developments in tungro research 
have focused on two main areas: firstly, on 
the conduct of epidemiological studies to 
form the basis for the development of im-
proved tungro management strategies; 
secondly, on the breeding of virus-resistant 
varieties, using both conventional and 
transgenic approaches, to provide options 
for tungro management programs. In paral-
lel with the breeding of these virus-resis-
tant varieties, research has been carried out 
on virus variation and genetic structure of 
tungro virus populations in different geo-
graphical areas. This article is intended to 
present an overview of these research find-
ings and to show how they are being used 
to help farmers manage a complex disease 
that has been such an intractable problem 
over a long period of time. The continuing 
intensification of rice production systems 
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Table 1. Major recorded outbreaks (≥4,000 ha) of tungro disease in Asia during the past 20 
years 
 
 Year Location Affected area (ha) Reference  
 1980 Indonesia (Bali) 16,000 73  
 1982-83 Malaysia (MADA) 20,365 28  
 1983-84 Indonesia (Bali, Java, Sumatra) 25,000 74  
 1983-84 Philippines ≥4,000 14  
 1984-85 India (Tamil Nadu, Andhra Pradesh) 80,000 47  
 1985-86 Indonesia (Bali, Java, Sumatra, 
Kalimantan, Irian Jaya) 
18,000 74  
 1990-91 India (Andhra Pradesh, Orissa) 183,000 85  
 1995 Indonesia (Central Java) 12,340 34  
 1997-98 Philippines (Mindanao) 4,000 Govt. records  
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in Asia and the requirement to produce 
more grain from a declining agricultural 
land area using less water and less labor 
make this an important challenge.  
Biological Determinants  
of Rice Tungro Disease 
Causal agents. In 1979, tungro was 
found to be associated with two viruses 
(Fig. 1): an RNA virus, Rice tungro spheri-
cal virus (RTSV), and a DNA/RNA virus, 
Rice tungro bacilliform virus (RTBV) (54). 
Based on the availability of many sources 
of resistance against RTSV in the endemic 
countries, it is believed that the virus has 
coevolved with rice in that part of the 
world; whereas the lack of resistance 
against RTBV suggests a more recent 
introduction of this virus in South and 
Southeast Asia. The two viruses interact to 
allow disease development and to enable 
full symptom expression to occur (46). 
RTBV is a pararetrovirus and is a member 
in the family Caulimoviridae (Fig. 1A). 
RTBV depends on the helper produced by 
RTSV for its own transmission and is 
mainly responsible for the severe tungro 
symptoms. RTBV packages its 8-kb ge-
nome as double-stranded DNA that has 
two discontinuities, one in each strand 
(59). In common with other plant 
pararetroviruses, RTBV is transcribed 
asymmetrically with all the coding capac-
ity on the negative strand. The virus has 
four open reading frames (ORFs), capable 
of encoding proteins of 24, 12, 194, and 46 
kDa, respectively (41,84). ORF3 encodes a 
P194 polyprotein that contains four func-
tional domains: the viral coat protein (37 
kDa), aspartate protease, reverse transcrip-
tase, and ribonuclease H (59). Alignment 
of several sequences of RTBV variants 
revealed highly conserved regions in the 
functional domains of ORF3 and showed 
some variation in the cysteine-rich region, 
suggesting that this domain carries adap-
tive changes (21). 
RTSV, a member of the family 
Sequiviridae, acts as a helper virus for the 
transmission of RTBV (Fig. 1B). RTSV 
has a polyadenylated single-stranded RNA 
genome of about 12 kb that is encapsidated 
within isometric particles (99). The ge-
nome encodes a single large ORF of 3,473 
amino acids (99). RTSV strains cannot be 
distinguished serologically but do differ 
significantly at the molecular level. Re-
cently, it was shown that a virus strain 
(RTSV-Vt6), which has higher virulence to 
RTSV-resistant rice variety TKM6 than the 
Fig. 1. The two causal agents of tungro disease. A, Electron micrograph of rice tungro bacilliform virions and the viral genome 
organization. Inner circle represents double-stranded DNA genome of Rice tungro bacilliform virus (RTBV) (8.0 kb) with sites of two 
discontinuities, D1 and D2. Arcs show the positions of open reading frames (ORFs) with sizes of the proteins they encode in kDa. 
On the polyprotein ORF, P194, the position of the N-terminus of 37-kDa coat protein (CP) is shown and suggested motifs of RNA 
binding site (RB), aspartate protease (PR), reverse transcriptase (RT), and RNase H (RH) are also represented. The intergenic region 
(IR) is shown between P46 and P24 ORFs. Outer circle and arc show the more than full-length and spliced transcripts, respectively. 
B, Electron micrograph of rice tungro spherical virions and the viral genome organization. The single-stranded RNA genome of 
Rice tungro spherical virus (RTSV) (12.2 kb) is shown as a single line and coding regions as colored boxes. The genome has a 
suggested covalently linked protein (Vpg) at its 5′ end and a poly(A) sequence at its 3′ end. It encodes a large polyprotein (3,473 
amino acids) that starts after the 515 nucleotides leader sequence. The genome also has two short unidentified ORFs at the 3′ end. 
Positions of the three coat proteins (CP1, CP2, and CP3), and of motifs for nucleotide triphosphate binding domain (NTP), protease 
(PRO), and polymerase (POL) are represented.  
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type strain from the Philippines (RTSV-A-
Shen), differed markedly in a 39-amino 
acid region in the N-terminal leader se-
quence (63). 
Because rice varieties react differentially 
to single or dual infections with RTBV 
and/or RTSV and express variable symp-
toms (32,52), separating the two viruses 
and comparing their symptoms on and 
infectivity to differential varieties was an 
essential step to identifying tungro vari-
ants. Using this approach, two variants of 
RTSV were recognized based on their reac-
tion in rice variety TKM6, and four vari-
ants of RTBV were recognized based on 
their reaction in rice variety FK135 in the 
Philippines (17). With the availability of 
molecular tools to study tungro viruses, 
genetic variability of both viruses was 
further analyzed and confirmed in cloned 
and natural virus populations. When cloned 
RTBV genomes from Bangladesh, India, 
Malaysia, Indonesia, and Thailand were 
compared with the fully characterized ge-
nome of the Philippine isolate, two groups 
of RTBV isolates were identified, those 
from the Indian subcontinent and those 
from Southeast Asian countries, using 
restriction endonuclease maps, partial se-
quence analysis, and cross hybridization 
(37). Microvariation within the RTBV 
Southeast Asian group was also confirmed 
(120). Similar grouping was reported for 
RTSV isolates from Bangladesh, India, 
Malaysia, Thailand, and the Philippines 
based on the analysis of their coat protein 
gene (125).  
Disease symptoms and effects on 
yield. Symptoms of tungro disease in rice 
plants vary according to the age of the 
plant, rice variety, and virus strains. The 
most conspicuous symptoms of rice plants 
infected with both RTSV and RTBV are 
stunting and yellow to orange discoloration 
of the leaves (89). Yellowing of the tips of 
young leaves is the first symptom to ap-
pear, and this may include interveinal chlo-
rosis or chlorotic mottling (Fig. 2A). When 
plants are infected at an early stage of 
growth, few tillers are produced, root 
development is poor, and stunting is very 
severe. Panicles that develop on severely 
infected rice plants are small, and any 
seeds set are often deformed and not viable 
(69,89). In infected plants, RTBV is local-
ized in the vascular bundles, and RTSV is 
restricted to the phloem tissues (107). Vi-
rus infection results in a decreased level of 
soluble sugars and an increased level of 
starch and total amino acids (105). Rice 
and other host plants infected only with 
RTSV generally show mild stunting, which 
is difficult to detect (48). An exception to 
this is an accession of Oryza glaberrima 
(IRGC 100139) which displays marked 
stunting and pale green, narrow and erect 
leaves (19). A virulent form of RTSV ap-
peared in Japan in the 1970s and caused a 
condition that was termed rice waika dis-
ease. Plant height was reduced by about 
20%, and grain quality was much reduced 
(83). Rice plants infected with RTBV gen-
erally show mild yellowing and stunting 
(53). In glasshouse trials, yield losses 
reached 70% when plants were infected 10 
days after sowing, and losses were reduced 
to 5% when infection was delayed to 75 
days after sowing (71).  
Tungro diagnosis. Tungro disease is not 
always easy to identify in the field, as 
characteristic symptoms are not expressed 
in all varieties (40). Tungro may be de-
tected by the iodine/starch test or through 
the use of insect transmission tests to assay 
plants. However, the iodine/starch test, 
which shows simply an increased accumu-
lation of starch in infected plants, is not 
always reliable or specific, and insect 
transmission tests are laborious. Where 
suitable laboratory facilities are available, 
Fig. 2. Symptoms of rice tungro viruses on a susceptible rice variety and tungro transmission process by the leafhopper vector, 
Nephotettix virescens. A, Infection with both Rice tungro bacilliform virus (RTBV) and Rice tungro spherical virus (RTSV) induces 
severe stunting and distinct orange-yellow leaf discoloration. Infection with RTBV alone induces mild stunting with some yellowing 
of rice leaves, whereas infection with RTSV alone induces no apparent symptoms and the rice plant looks similar to a healthy plant. 
B, Transmission of both viruses by N. virescens requires that the insects feed on plants infected by both viruses. Insects can 
transmit RTSV alone, but they cannot transmit RTBV unless RTSV is present.  
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serological techniques are used to detect 
tungro viruses, as these techniques are 
relatively specific, sensitive, and reliable 
(81). A double-antibody sandwich enzyme-
linked immunosorbent assay (DAS-
ELISA) is used to screen breeding lines for 
tungro virus resistance or tolerance (52). 
DAS-ELISA is also used for disease sur-
veys and epidemiological studies (12,115). 
Nevertheless, DAS-ELISA is not widely 
used in rice-growing countries where tun-
gro is prevalent because resources are 
rarely sufficient to produce antisera and to 
purchase the necessary equipment and 
reagents. Similar considerations apply to 
the use of a polymerase chain reaction 
technique that has been developed as a 
sensitive test for RTBV in tolerant culti-
vars (112). In view of these constraints, 
attempts have been made to develop alter-
native serological methods such as 
Parafilm mini-ELISA and rapid immuno-
filter paper assay (20). More recently, a 
relatively simple and inexpensive diagnos-
tic kit has been developed for RTBV detec-
tion based on a tissue-print assay (78). The 
kit should prove to be useful to rice breed-
ers and agricultural extensionists in tungro-
endemic countries, but it needs further 
development before it is made more widely 
available.  
Leafhopper vectors. Tungro viruses are 
transmitted by six leafhopper species, five 
of which are in the genus Nephotettix. Due 
to its close biological relationship with 
rice, the rice green leafhopper N. virescens 
(Distant) (Fig. 2) is by far the most impor-
tant vector species (50). N. virescens has a 
higher transmission efficiency than other 
vector species and is usually more abun-
dant in irrigated rice fields. Recilia dor-
salis (Motschulsky) is an inefficient vector 
of tungro viruses, but it may be important 
in some locations, as large numbers have 
been recorded on rice seed beds and levees 
(30). N. virescens lays its eggs in batches 
of up to 44 in the tissues of the leaf sheath 
of rice tillers (29). After hatching, there are 
five nymphal stages before adult emer-
gence. At the optimum temperature for 
development (30 to 35°C), a generation 
can be completed in ca. 25 days so that up 
to 11 generations a year are possible in 
tropical areas where there is continuous 
rice cultivation (118,119).  
Virus–vector interactions. RTSV and 
RTBV are transmitted in a semipersistent 
manner by the leafhopper vectors so that 
they are retained by the insects for periods 
up to 1 week. RTSV can be spread inde-
pendently of RTBV (Fig. 2B), and the 
virus has been found to be widely distrib-
uted in irrigated rice areas in the Philip-
pines (12). By contrast, RTBV may be 
transmitted only after leafhoppers feed on 
source plants infected with both RTSV and 
RTBV, or when they acquire RTSV first 
and then RTBV (18). It has been suggested 
that a virus-encoded noncapsid helper 
component is involved, but no detailed 
research has been conducted to confirm 
this (49). On susceptible rice varieties, 
leafhoppers feed predominantly in the 
phloem (104). However, on resistant varie-
ties, feeding is mainly in the xylem, 
phloem ingestion being inhibited by 
antibiosis (6). N. virescens can acquire 
virus from a susceptible rice variety after a 
feeding period of 30 min (88). There is no 
latent period in the insect, and the viruses 
can be transmitted immediately after acqui-
sition during feeding periods of only a few 
minutes (70). Leafhoppers retain the ability 
to transmit RTSV and RTBV for approxi-
mately 4 and 7 days, respectively (50). 
Nymphal stages can also transmit RTSV 
and RTBV, but lose infectivity after molt-
ing (68). Rice plants can become effective 
sources of inoculum within 1 week of 
infection (77). This short latent period, 
combined with the short feeding periods 
needed for acquisition and transmission of 
the viruses, creates the potential for very 
rapid spread of tungro disease.  
Dynamics of Rice Tungro 
Disease 
Ecology of the leafhopper vectors. 
Nephotettix spp. differ widely in their 
range of preferred hosts. The main tungro 
vector, N. virescens, is monophagous and 
is restricted to O. sativa and some closely 
related wild rices. In the break between 
rice crops, N. virescens survives on 
regenerated growth from rice stubble and 
on volunteer plants. In areas where rice 
plants are established by transplanting 
seedlings, rice seedbeds can be colonized 
by leafhoppers (30). Immigrants may lay 
eggs in seedbeds, but young seedlings are 
not suitable for oviposition. As early nym-
phal stages are rarely seen during popula-
tion sampling in the first 2 weeks after 
transplanting, egg laying in seedbeds does 
not appear to be important for leafhopper 
colonization in the main crop (24,30). The 
situation may be different where older 
seedlings are transplanted, as in the Krian 
irrigation scheme in Malaysia where large 
numbers of N. virescens were recorded in 
nurseries on seedlings up to 45 days of age 
(15).  
Immigration of leafhopper adults into 
rice crops occurs from other rice crops, 
regenerated rice plants, volunteers, or in 
the case of some species, weeds. Early-
season immigration rates are greatest in 
areas where planting dates are highly vari-
able and where overlapping crops are 
found (123). In a study conducted in the 
Philippines, numbers of immigrants were 
greater in rainy seasons that extend from 
May to November than in dry seasons but 
were also high in a dry season crop that 
was planted much later than the neighbor-
ing fields (24). In irrigated rice areas where 
tungro is a problem, immigrant populations 
of N. virescens are much larger than those 
of other vector species. N. virescens is not 
a strong flier and usually disperses over 
relatively short distances, although trap-
ping studies suggest that movement over 
distances up to at least 30 km can take 
place (87). In intensively cultivated rice 
areas where fallow periods are short, there 
is no selective advantage in adaptations for 
long-distance flight, and unlike some of the 
rice planthoppers, there are no specialized 
flight morphs (31).  
In rainy seasons, there is a rapid buildup 
in numbers of N. virescens, and peak popu-
lation densities are reached by midseason 
(24,30). Further development is checked 
by predation or parasitism (30), and in 
locations with highly asynchronous plant-
ing, significant emigration may occur 
while the crop is still at the maximum 
tillering stage (110). In dry seasons, there 
tends to be a more gradual increase in leaf-
hopper abundance in the rice crop, with 
peak abundance often reached when plants 
are senescing (30). Emigration of leafhop-
pers occurs as the level of nutrients avail-
able to them in rice plants declines and 
plants become unsuitable for oviposition 
(25,31).  
Sources of inoculum. A wide range of 
plants other than rice has been reported as 
hosts of RTSV and RTBV based on symp-
toms or serology (3,64). However, leafhop-
per recovery of virus from infected weeds 
to rice has been very difficult to demon-
strate definitively in experiments and has 
not been convincingly established for N. 
virescens (64,117). RTBV has been de-
tected in samples of Oryza rufipogon col-
lected from the field, so it is likely that this 
and some other wild rices provide a source 
of inoculum in certain locations (117). 
Moreover, regenerated stubble and volun-
teer rice plants may harbor tungro viruses, 
and these may be important sources in 
some situations (117). However, in areas 
where tungro is endemic, it is likely that 
rice plants in standing crops constitute the 
strongest inoculum source.  
Disease development. In irrigated areas 
with staggered plantings and strong 
sources of tungro infection, primary inocu-
lum may be introduced into rice fields by 
viruliferous leafhopper vectors within a 
few days of transplanting (Fig. 3). The 
short latent period of infection in the plant 
combined with short acquisition and inocu-
lation feeding times in the vector favor 
very rapid secondary spread of the disease. 
The establishment of leafhopper popula-
tions occurs later in transplanted than in 
direct-seeded fields, but the greater move-
ment of leafhoppers in transplanted fields 
creates the potential for more rapid spread 
of tungro (62). As with many polycyclic 
diseases, tungro epidemics are typically 
well described by the logistic model. Early 
foci of infection expand into clusters of 
diseased hills, and these continue to grow 
before coalescing with adjacent clusters 
until almost all the plants may be infected 
(24). Late instar leafhopper nymphs, al-
though not able to fly, can make a signifi-
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cant contribution to tungro disease devel-
opment once the leaf canopy closes. In 
field studies conducted on the island of 
Bali in Indonesia, tungro incidence was 
significantly correlated with densities of 
fourth to fifth instar N. virescens nymphs at 
the vegetative stage of plant growth (109).  
Early infections tend to be mainly with 
RTSV (115), although dual infections with 
RTSV and RTBV may quickly predomi-
nate where tungro disease sources are 
widespread (24). Survey data from five 
sites in the Philippines from 1995 to 1997 
show that tungro disease is strongly associ-
ated with single RTSV infection, as well as 
with dual infections (23). Consequently, 
the deployment of resistance to RTSV is 
likely to have a significant effect in reduc-
ing disease spread, as suggested by Hibino 
and coworkers (51) and subsequently dem-
onstrated in experimental plots (94). The 
Philippine survey showed a clear associa-
tion between tungro incidence and the extent 
to which susceptible varieties are grown, and 
this finding is supported by results from a 
case study conducted in Albay Province, 
Philippines, in 1993-94 (27).  
In irrigated areas with staggered rice 
plantings, leafhopper vectors disperse from 
crops at the midtillering stage to new 
plantings in neighboring fields (110). As 
there is often no clear break between crop-
ping seasons in these locations, conditions 
are favorable for the persistence of tungro 
disease throughout the year. Several stud-
ies have demonstrated a strong association 
between high tungro incidence and asyn-
chronous planting (16,23,25,90). Holt and 
Chancellor (56) developed a mathematical 
model to assess the potential impact of 
changes in cropping synchrony for reduc-
ing tungro incidence. The outputs of the 
model showed that tungro endemicity was 
largely determined by the variance of 
planting dates and that disease persisted if 
this variance exceeded a certain threshold. 
Tungro incidence is usually greatest in 
rainy seasons, as climatic conditions are 
more favorable for leafhopper population 
development and larger areas of rice are 
grown than in dry seasons. In dry seasons, 
the greater spatial separation between 
plantings reduces the potential for dispersal 
of vectors and inoculum between fields 
(114). Although leafhopper vectors are 
capable of dispersing over longer dis-
tances, results from the case study in Albay 
Province, Philippines, showed that the risk 
of infection in a new planting that was 
more than 1 km from the disease source 
was very low (57).  
High tungro incidence is associated with 
increasing vector densities, but the 
relationship is often complex. An analysis 
of survey data in Central Luzon, Philip-
pines, where tungro occurs infrequently but 
outbreaks tend to be large in scale, showed 
that the number of viruliferous vectors was 
more important than absolute numbers of 
vectors in driving disease epidemics (95). 
Findings from the same survey revealed 
that, in two endemic areas in the Philip-
pines, tungro was associated with both 
increasing vector numbers and number of 
viruliferous vectors. Similar results were 
recorded in field plots on the IRRI experi-
mental farm where planting was staggered 
and disease sources were widespread (24).  
Genetic structure of tungro virus 
populations in Southeast Asia. Develop-
ment and deployment of durable resistance 
to tungro viruses is considered a priority 
for stable rice production in intensive irri-
gated ecosystems. Geographical variation 
in tungro viruses (17,32) and shifts in leaf-
hopper virulence (33) have been reported. 
Therefore, to complement efforts to in- 
Fig. 3. Tungro disease development in the field.  
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corporate virus resistance into new IRRI 
varieties, Azzam and coworkers conducted 
a detailed analysis of the genetic structure 
of natural virus populations in endemic and 
outbreak tungro areas from 1996 to 1999. 
The main objective of these studies was to 
understand the spatial and temporal struc-
ture of virus populations that are relevant 
to the development of virus control strate-
gies and to the more efficient deployment 
of virus resistance genes. Several hundred 
isolates of RTBV and RTSV were col-
lected from the Philippines and Indonesia, 
and restriction fragment length polymor-
phism (RFLP) assay was developed and 
used to type them.  
Results from these studies showed that 
both RTBV and RTSV populations were 
geographically isolated and stable over the 
period of the study with occasional shifts 
in response to host/environmental changes 
(4,11). These findings suggest that targeted 
deployment of virus resistance genes may 
be more effective in South than in South-
east Asia. In addition, these studies showed 
that within one location, genetic and bio-
logical variants may coexist, suggesting 
that multiple resistance may be needed in 
the endemic regions of tungro to increase 
its durability. When the population struc-
ture of both viruses was studied in the 
same sample, there was no correlation 
between the population diversity of RTBV 
and that of RTSV. In tungro outbreak areas, 
shifts in genotypic composition of RTBV 
and changes in RTSV gene diversity were 
observed from the dry to the rainy season, 
suggesting that shifts in the composition 
and/or gene diversity of either RTBV or 
RTSV populations may lead to rapid virus 
evolution and disease outbreak (7). Further 
studies are still needed to monitor the 
effects of various environmental factors 
and genetics of the rice host on the popula-
tion structure of both viruses, in areas 
where virus resistance is deployed.  
Management Strategies  
for Rice Tungro Disease 
Forecasting tungro outbreaks. The un-
predictability of a disease outbreak and the 
risk of a major crop loss in intensive irri-
gated ecosystems, where rice is grown 
continuously and asynchronously through-
out the year, induced researchers to study 
epidemiological factors that are critical in 
predicting early tungro infection in the 
field. In Malaysia, a pest surveillance and 
forecasting system was established for rice 
growing areas by the Department of Agri-
culture in 1979, and considerable resources 
  
Table 4. Selection and breeding process for tungro resistance as practiced at the International Rice Research Institute in the Philippines 
 
 Steps Assay used Purpose  
 1. Mass screening of rice germ plasm using 
viruliferous leafhoppers and doubly infected 
plants (RTBV + RTSV)a as disease source 
Symptom scoring using IRRI 
standard evaluation systemb 
Eliminates very susceptible accessions  
 2. Forced-tube insect inoculation of young rice 
seedlings using selected lines with low 
symptom scores and doubly infected plants 
(RTBV + RTSV) as disease source 
DAS-ELISAc using RTBV- and 
RTSV-specific antibodies, restriction 
endonuclease profiles, polymerase 
chain reaction, and Southern blotting  
Separates RTBV resistance from RTSV resistance 
Entries with RTSV infection of less than 10% will be 
retested using RTSV alone (different strains as a disease 
source) to confirm the resistance and identify its type 
Entries with RTBV infection less than 30% are retested 
using RTBV alone and agroinoculation assay to confirm 
the resistance 
 
 3. Seed box test for evaluating level of 
resistance to green leafhopper vector 
Plant damage is estimated based on 
IRRI standard evaluation system 
Helps in differentiating insect resistance from virus 
resistance 
 
 4. Crossing tungro resistance source with 
improved plant line and inoculation of F1 
seeds with doubly infected plants (RTBV + 
RTSV) as disease source 
DAS-ELISA using RTBV- and 
RTSV-specific antibodies 
Ensures the transfer of virus resistance  
 5. Field evaluation of F2 and F3 populations 
using natural virus populations and/or 
greenhouse virus populations 
Symptom scoring using IRRI 
standard evaluation system 
Allows screening for multiple disease resistance  
 6. Evaluation of backcrossed lines (4-5 times) 
or selected F5/F6 lines by insect inoculation  
DAS-ELISA using RTBV and RTSV 
specific antibodies 
Ensures maintenance of virus resistance prior to yield 
evaluation trials in the field 
 
 a RTBV = Rice tungro bacilliform virus; RTSV = Rice tungro spherical virus.  
 b International Network for Genetic Evaluation of Rice (INGER). 1996. Standard Evaluation System for Rice. 4th ed. Los Baños, Laguna. Interna-
tional Rice Research Institute (IRRI). 
 
 c Double-antibody sandwich enzyme-linked immunosorbent assay. 
 
 
  
Table 2. Identified genes for resistance 
to green leafhopper at the International 
Rice Research Institute 
 
 Source of 
resistance 
 
Gene 
 
Ref. 
 
 Pankhari 203 Glh-1a 5  
 ASD7 Glh-2   
 IR8 Glh-3   
 Ptb8 glh-4 103  
 ASD8 Glh-5   
 TAPL 796 Glh-6 86  
 Maddai Karuppan Glh-7   
 DV85 glh-8 38  
 IR28 Glh-9 1  
 IR36 glh-10   
 IR20965-26-1-2 Glh-11   
 ARC10313 Glh-12   
 Asmaita Glh-13   
 a Glh = green leafhopper dominant gene; 
glh = green leafhopper recessive gene. 
 
 
  
Table 3. Characteristics of current sources of resistance to tungro disease available in rice 
germ plasm at the International Rice Research Institute  
 
  
Accessions 
 
RTSV-Aa 
 
RTSV-Vt6 
 
RTBVb 
Nephotettix 
virescens 
 
 336 Rc S S ?  
 34 R R S R  
 18 R R S S  
 3 R ? T S  
 3 R ? T R  
 a Rice tungro spherical virus (RTSV)-A refers to the avirulent strain of RTSV on the rice vari-
ety TKM6, whereas RTSV-Vt6 refers to the virulent strain on the same variety. 
 
 
b Rice tungro bacilliform virus.  
 c R = resistant, S = susceptible, T = tolerant, ? = not tested. 
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are still invested in it (82). As part of this 
system, field scouting is conducted for 
tungro and leafhopper vectors. This is 
combined with a network of mobile nurser-
ies to detect the presence of tungro virus 
infection through the use of leafhopper 
transmission tests and, more recently, 
ELISA. Once threshold numbers of vectors 
and infection rates have been exceeded, 
this information is relayed to agricultural 
extension officers and farmers through an 
established communication system. In this 
situation, the application of an insecticide 
is recommended, but in many cases inter-
ventions can be restricted to relatively 
small areas. 
Moreover, in the early 1990s, Suzuki 
and coworkers examined the potential for 
developing a disease forecasting system by 
monitoring the spread of tungro and study-
ing the population dynamics of N. vires-
cens in Bali, Indonesia, an endemic region 
for tungro. Using regression analyses, they 
demonstrated that the incidence of tungro 
infection at a given time was largely de-
pendent on both the newly infected area a 
month earlier and the amount of rice 
planted 3 months earlier (109). No fore-
casting system has been implemented fol-
lowing this work, possibly due to the lack 
of resources to collect the required data 
and the constraints to the adoption of an 
appropriate disease management strategy.  
Cultural control measures. A range of 
cultural practices has been recommended 
for control of tungro disease. The use of 
large-scale synchronous planting with a 
distinct fallow period between cropping 
seasons has been widely advocated since 
the work of Loevinsohn (72). The aim of 
this approach is to eradicate virus sources 
and to reduce densities of immigrant vector 
populations. The adoption of these prac-
tices has been successful in controlling 
tungro disease in South Sulawesi, Indone-
sia (90) and in Sabah, Malaysia (65). Mod-
eling studies have suggested that where 
planting dates are only moderately asyn-
chronous, relatively small reductions in 
planting date variance can have a signifi-
cant effect in reducing tungro incidence 
(56). Unfortunately, implementing changes 
on even this limited scale in tungro en-
demic areas can be very difficult due to 
various socio-economic and socio-cultural 
constraints. Moreover, synchronous plant-
ing may not always be appropriate for the 
management of other pest problems, as the 
carryover of natural enemies between 
crops is also reduced (122). For these rea-
sons, areas with highly staggered rice 
transplanting such as Mindanao, Philip-
pines, and Bali and Central Java, Indo-
nesia, persist and continue to host major 
tungro outbreaks.  
In many areas, the risk of tungro inci-
dence is greatest in late plantings as infec-
tion builds up in earlier planted crops 
(24,100). Therefore, the avoidance of late 
planting is recommended in such situa-
tions. However, as with synchronous plant-
ing and fallow periods, it is often difficult 
for farmers to follow these recommenda-
tions due to such factors as lack of water or 
the absence of credit to buy inputs at the 
appropriate time (121).  
Elimination of disease sources by rogu-
ing, the removal of plants showing symp-
toms, is recommended in some countries 
for tungro control. However, field trials 
showed that roguing was only effective 
under low disease pressure and that it is 
not therefore a practical management strat-
egy (116). Simulation modeling also sug-
gested that, for roguing to be successful, 
the required frequency and efficiency of 
removal of diseased plants is not feasible 
(55). Manipulation of plant spacing is an-
other practice that has been recommended 
for improved tungro control. In trans-
planted crops, closer spacing was shown to 
result in reduced tungro incidence (101). 
The expanding area of direct-seeded rice in 
some areas, primarily due to shortages of 
labor for transplanting, may also have an 
effect in reducing tungro incidence (62). 
Greater plant densities in direct-seeded rice 
restrict leafhopper movement and reduce 
the probability that vectors will encounter 
diseased plants that act as a source for 
further spread.  
Control of the vector with insecticides. 
In many countries where tungro is preva-
lent, farmers commonly apply highly toxic 
broad-spectrum insecticides that are di-
rected at a range of pests (45). Efficacy for 
tungro management is generally low, and 
spray operations present a serious hazard to 
operator health. Nevertheless, much of the 
early research on tungro involved evaluat-
ing the effectiveness of different insecti-
cides for controlling N. virescens. The use 
of insecticide was widely seen as an inte-
gral component of a package of inputs 
needed to successfully cultivate the mod-
ern varieties, and this view was reinforced 
with the occurrence of major outbreaks of 
the rice brown planthopper, Nilaparvata 
lugens (Stål). Calendar spraying of insecti-
cides was recommended in most countries 
where the varieties were adopted, some-
times with up to six applications irrespec-
tive of the level of insect pest infestation 
(113). Against this background, the so-
called breakdown in resistance of the leaf-
hopper-resistant varieties led to an in-
creased dependency on insecticides. Many 
greenhouse and field studies have been 
conducted to evaluate the efficacy of a 
wide range of insecticides using different 
intervention strategies (26,43).  
In general, foliar insecticide applications 
that rely on contact action and that have 
low persistency have limited effect in re-
ducing tungro incidence. An exception is 
the synthetic pyrethroid cypermethrin, 
which has a rapid knockdown effect, but 
successful control requires frequent 
applications (91). Cypermethrin has been 
shown, however, to induce resurgence of 
N. lugens and so has limitations for tungro 
control (98). Newer compounds such as 
imidacloprid have been evaluated for effi-
cacy against Nephotettix spp. (79), but 
these are not yet widely available for use 
by subsistence rice farmers in Asia. 
Chemical application in trap crops has 
been proposed to overcome some of these 
constraints (96), but this approach has not 
been widely adopted by farmers. The use 
of granular applications to protect healthy 
crops from primary infection with tungro 
has been advocated by some researchers. 
Compounds such as carbofuran and isopro-
carb were shown to be most effective in 
reducing tungro infection because of their 
rapid activity and long persistence (92). 
Application of granular insecticides to the 
root zone gave better control than broad-
casting in field trials due to the more effi-
cient uptake of the chemical and the slower 
rate of degradation (93). However, an ap-
propriate application technology for root 
zone application has not been developed, 
and broadcasting carbofuran granules in 
the field is not economically viable (44).  
In order to avoid the undesirable effects 
of synthetic compounds, researchers have 
examined the potential of oils and other 
plant extracts to control leafhopper vectors. 
Oils extracted from seeds of neem, 
Azadirachta indica, and custard apple, 
Annona squamosa, have been evaluated in 
several formulations. Neem has both an-
tifeedant and insecticidal properties and 
has shown good control of tungro in field 
trials when incorporated into the soil (97). 
However, application of neem and other 
botanical products is not widely practiced 
for tungro control.  
Conventional host-plant resistance. 
IRRI hosts more than 80,000 accessions of 
rice, of which at least one-third have been 
screened since 1963 to identify sources of 
resistance to tungro using various methods 
(8,52,66). Because vector resistance was 
abundant and easily identified in the germ 
plasm, most of the IR varieties released 
after 1969, except for IR22, were rated as 
leafhopper-resistant at the time they were 
released. The main donors have been 
Ptb18, Gam Pai 30-12-15, and Ptb33. Un-
fortunately, this type of resistance was not 
sustainable in the field under high disease 
pressure, and in many cases, varieties with 
vector resistance succumbed to tungro 
infection soon after their release (33,73). 
Consequently, although several additional 
sources of leafhopper resistance have been 
identified in the past few years (Table 2), 
the focus has shifted to identifying and 
utilizing tungro virus resistance (Table 3). 
In addition, several genetic studies have 
been conducted to understand the inheri-
tance of virus resistance (9,61).  
Screening for tungro virus resistance at 
IRRI is feasible due to the availability of 
serological tests such as DAS-ELISA that 
allow for the differentiation between 
RTBV and RTSV resistance (13) and the 
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availability of an agroinoculation technique 
that enables RTBV resistance to be identi-
fied independently of RTSV or green leaf-
hopper resistance (106). Tables 2 and 3 
show an updated list of the sources of 
resistance that are available at IRRI and 
summarize the screening of most of the 
germ plasm that is derived from Bangla-
desh, India, Indonesia, Sri Lanka, and 
Pakistan in addition to some wild rice spe-
cies (O. Azzam, F. Sta. Cruz, E. Coloquio, 
and R. Cabunagan, unpublished). A large 
number of accessions are resistant to the 
most common strain of RTSV, RTSV-A, 
and 34 accessions are resistant to both 
RTSV-A and RTSV-6. No sources of true 
resistance to RTBV have yet been 
identified, but six accessions have been 
found to show tolerance to infection. Table 
4 outlines the screening and selection 
process for tungro resistance as practiced 
at IRRI, and Table 5 shows the sources of 
resistance that are currently being used in 
the breeding program. Since most of the 
sources of resistance to the virus have poor 
plant type, it was necessary to transfer the 
genes for virus resistance into lines with 
improved morphology by crossing and 
selecting segregants with resistance to the 
virus. The selected lines were then evalu-
ated for two or three generations for plant 
type, grain quality, and resistance traits (8).  
The recent advanced breeding lines de-
rived from Balimau Putih, Utri Merah, 
ARC 11554, Habiganj DW8, O. 
longistaminata, and O. rufipogon (Table 6) 
were evaluated from 1995 to 1998 in the 
Philippines, Indonesia, and India. IR62 and 
IR64 were used as field-resistant and 
susceptible checks, respectively. Results 
revealed that the most promising advanced 
breeding lines were two accessions derived 
from Utri Merah, IR 69705-1-1-3-2-1 and 
IR69726-116-1-3, which have resistance to 
RTSV and tolerance to RTBV (22). These 
lines showed consistently low infections 
with both RTBV and RTSV across all loca-
tions (Fig. 4). The results demonstrate that 
virus resistance derived from Utri Merah is 
effective and could easily be combined 
with additional vector resistance to help 
ensure that it is durable. Meanwhile, some 
of the most promising virus-resistant lines 
have already been released as varieties in 
Indonesia. In 1998, line IR69726-116-1-3 
was released under the name Tukad petanu 
and performed well in Bali, East Java, and 
Lombok. Line IR68305-18-1, with toler-
ance to RTBV derived from Balimau Putih, 
was especially attractive to farmers be-
cause of its good eating quality and desir-
able plant type. This line has been released 
in Indonesia as Tukad unda and was being 
cultivated on more than 10,000 ha in Bali 
in 1999 with no reports of tungro infection 
(Mahyuddin Syam, personal communica-
tion). Selected lines are also scheduled for 
release in the Philippines and are being 
utilized in resistance breeding programs in 
India.  
Transgenic virus resistance. Following 
the demonstration of genetically engi-
neered resistance to virus in various crop 
species (36,42,108) using the coat-protein 
mediated protection strategy, several insti-
tutes were interested in using antiviral 
strategies to combat tungro in Asia. Using 
conventional breeding, the process of 
incorporating virus resistance by pedigree 
and backcross methods in multiple pest and 
disease resistance programs, is labor-inten-
sive and time-consuming, and it is difficult 
to predict that the final product would con-
fer durable resistance. In addition, breeders 
need to select for many other characteris-
tics, and if tungro virus resistance genes 
were linked to undesirable traits, then the 
process would be more complex. These 
considerations stimulated considerable 
interest in the transgenic approach, which 
was seen as having the capacity to provide 
a broad spectrum and durable forms of 
resistance if basic steps in viral replication 
or movement could be identified and 
blocked.  
Table 7 summarizes the different antivi-
ral strategies that have been attempted to 
develop resistance to tungro. Rice varieties 
IR64, TN1, Taipei 309, and Kinuhikari 
have been successfully transformed with 
the various expression vectors, and fertile 
transgenic plants were evaluated at T1, T2, 
and in some cases at T3 and T4 generations 
for their ability to confer protection against 
tungro disease and/or its individual virus 
components. RTBV coat protein, poly-
merase, protease, RNase H, and antisense 
RNA resistance strategies were attempted 
against RTBV infection using both Cauli-
flower mosaic virus (35S) and RTBV pro-
moters. The three coat protein genes and 
the polymerase (sense and antisense) 
strategies were tried against RTSV using 
35S and ubiquitin promoters. Seeds from 
each transgenic line were sown, and 7- to 
14-day-old seedlings were inoculated ei-
ther with both tungro viruses (10) or with 
RTSV alone (58,102) by insect feeding 
using three to five viruliferous green leaf-
hoppers per seedling.  
Unfortunately, the resistance tests 
showed that none of the RTBV resistance 
strategies was effective in reducing or pre-
venting tungro infection (10). The irregular 
expression of various integrated RTBV 
transgenes could account for the lack of 
resistance. Therefore, new transgene-
expression strategies have been designed, 
and the newly transformed plants will be 
evaluated soon. For RTSV, however, near 
  
Table 6. Newly advanced breeding lines that have been tested recently in the Philippines, 
Indonesia, and India 
 
 Breeding line Cross  
 IR68305-18-1 IR64*4/Balimau Putih  
 IR69705-1-1-3-2-1 IR1561-228-3-3*2/Utri Merah  
 IR69726-16-3-2 IR61009-37-2-1-2/// IR1561-228-3-3/Utri Merah//IR1561  
 IR69726-116-1-3 IR61009-37-2-1-2/// IR1561-228-3-3/Utri Merah//IR1561  
 IR69734-5-1-2 IR44624-127-1-2-2-3/// IR1561-228-3-3/Utri Merah//IR1561  
 IR69734-128-2-3 IR44624-127-1-2-2-3/// IR1561-228-3-3/Utri Merah//IR1561  
 IR71026-3-2-4-3-5-2 IR1561-228-3-3*2/Oryza longistaminata  
 IR71030-2-3-2-1 IR1561-228-3-3*6/ARC11554  
 IR71031-4-5-5-1 IR1561-228-3-3*6/ARC11554  
 IR71605-2-1-5-3 IR1561-228-3-3*3/Habiganj DW8//4*IR64  
 IR73890-1-3-1-4-1 IR1561-228-3-3*2/Utri Merah//IR24  
 IR73891-2-1-5-1 IR64/Oryza rufipogon//3*IR64  
    
  
Table 5. Characteristics of the current sources of resistance to tungro disease that are being 
used by the breeding program at the International Rice Research Institute 
 
 Source of resistance RTSVa RTBV Nephotettix virescens  
 ARC 11554 Rb T R  
 Oryza rufipogon ? T R  
 O. officinalis ? T R  
 O. longistaminata ? T R  
 Balimau Putih S T S  
 Utri Merah (16680) R T S  
 Utri Merah (16682) R T S  
 TKM6 R to RTSV-A S S  
 Adday Selection R to RTSV-Vt6 S S  
 Habiganj DW8 R S S  
 Utri Rajapan R S S  
 a
 RTSV = Rice tungro spherical virus; RTBV = Rice tungro bacilliform virus. RTSV-A refers 
to the avirulent strain of RTSV on the rice variety TKM6, whereas RTSV-Vt6 refers to the 
virulent strain on the same variety. 
 
 b R = resistant, S = susceptible, T = tolerant, ? = difficult to distinguish from resistance to the 
vector. 
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immunity against the virus was achieved in 
transgenic rice plants when the entire or 
truncated part of the replicase gene was 
used (58). Replicase-mediated resistance is 
more limited to closely related isolates, but 
this strategy will be evaluated against 
different RTSV variants. If this approach 
proves to be effective, the breeders will 
have another option to incorporate tungro 
virus resistance.  
Future Prospects 
Although rice tungro outbreaks are now 
less frequent in synchronized irrigated rice 
areas, the disease remains a key production 
constraint in India, Indonesia, and the Phil-
ippines, where its sporadic occurrence 
continues to have devastating effects on 
many subsistence farm communities. Suc-
cessful tungro management strategies have 
been developed and implemented in loca-
tions where irrigation water can be con-
trolled and where governments have been 
able to coordinate control programs over 
large areas (65,90). In areas where stag-
gered planting remains the norm, solutions 
to the tungro problem are more problem-
atic. Recent epidemiological research has 
greatly enhanced our understanding of 
tungro dynamics, but suitable disease man-
agement options are limited. The expan-
sion of the area of rice that is established 
by direct seeding may help to reduce the 
intensity of tungro outbreaks, but further 
research is needed to clearly establish the 
potential of direct seeding for reducing the 
spread of tungro disease. Moreover, direct 
seeding cannot be implemented in all ar-
eas, as it requires good control of irrigation 
water and field drainage. Chemical inter-
ventions are usually inappropriate, as these 
are often ineffective and they threaten to 
undermine the new paradigm for integrated 
pest management in rice that has gained 
increasing recognition in recent years (76).  
Given the limitations of cultural and 
chemical methods of control under these 
conditions, the development and deploy-
ment of resistant varieties offers the best 
hope for improved control. Although the 
development of resistant varieties incurs 
significant research costs, varietal resis-
tance is a relatively cheap and easy option 
for farmers to use provided appropriate 
seed is readily available. Unfortunately, 
there are shortcomings in seed production 
and distribution systems in many rice-
growing countries in Asia, so that farmers 
do not always have access to the most suit-
able varieties. Greater decentralization of 
breeding programs and participation of 
farmers in plant breeding help to overcome 
these constraints and are beginning to have 
an impact in some countries (124). Support 
for such initiatives needs to be intensified 
in the future.  
The rapid adoption of the new tungro vi-
rus resistant varieties in parts of Indonesia 
suggests that there is a strong demand by 
farmers for these varieties, and there have 
been no reports of any tungro disease from 
fields where they have been grown. The 
utilization of resistance to RTSV that is 
effective against both RTSV-A and RTSV-
Vt6, combined with tolerance to RTBV in 
one of these varieties, is considered to 
strengthen the durability of resistance in 
the field. Although there are grounds for 
optimism, the recent findings that tungro 
virus populations in the field are heteroge-
neous, and that the balance of variants 
shifts between seasons, suggests that 
strong selection pressure could lead to a 
breakdown in resistance. Thus, the situa-
tion in Indonesia needs to be carefully 
monitored in order to identify whether any 
tungro virus variants evolve that threaten 
Fig. 4. Mean infection with Rice tungro bacilliform virus (RTBV) and Rice tungro spherical virus (RTSV) and tungro disease 
incidence in the field trials of the advanced breeding lines that were developed at the International Rice Research Institute and 
evaluated in India, Indonesia, and Philippines between 1995 and 1998. The picture below shows a comparison between a 
susceptible rice crop (IR64) and a resistant rice crop (IR69726-116).  
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the success of the current deployment strat-
egy. Such research should also be directed 
at investigating the mechanism of virus 
evolution in the field so that the most 
appropriate virus resistance strategies can 
be employed.  
There are many sources of resistance to 
N. virescens that can be exploited in breed-
ing programs (1). Although leafhopper 
adaptation to varieties carrying some resis-
tance genes has occurred among field 
populations, some resistance genes are still 
effective (22). Advances in nonconven-
tional breeding approaches, particularly 
with the RTSV replicase-antiviral ap-
proach, enhance the prospects for achiev-
ing durable resistance to tungro in the near 
future. As the transgenic approaches join 
hands with conventional breeding, it is 
likely that the development of tungro resis-
tant varieties with broader specificity will 
be accelerated. Because of public concern 
with the use of viral genes as transgenes 
(75,80), transgenic approaches may not be 
limited to viral genes. The recent advances 
in genomic research and plant molecular 
biology should allow us to incorporate 
novel genes that resist not only viruses but 
also a diverse range of other pathogens or 
vectors. Indeed, several natural host resis-
tance genes, genes encoding PR proteins, 
genes against insect vectors, and antiviral 
gene products have recently been identified 
(39,60) and are being explored as potential 
broad-spectrum resistance. Breeding of 
varieties with such genes will be acceler-
ated since defense gene segregation will be 
easily assayed using a DNA probe instead 
of testing each progeny for its susceptibil-
ity or resistance to a particular pathogen.  
In conclusion, over the past three dec-
ades our increased understanding of the 
biology and epidemiology of rice tungro 
has led to the development of more tar-
geted strategies for the management of the 
disease. This has been made possible 
through a combination of strategic and 
applied research and the involvement of 
multidisciplinary teams including rice 
breeders, virologists, entomologists, 
modelers, social scientists, extensionists, 
and farmers. Institutional partnerships both 
within and between countries in South and 
Southeast Asia have been important in 
facilitating the flow of information and 
ensuring that the research has genuine 
impact at the farmer level. Although tungro 
remains a problem in several countries, 
there is an increasingly wider array of re-
sistance management options, and it is 
hoped that these will form the basis for 
effective and durable management strate-
gies for this complex disease.  
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Table 7. Attempted transgenic approaches to control rice tungro disease caused by Rice tungro bacilliform virus (RTBV) and Rice tungro spherical 
virus (RTSV) 
 
 No. of 
transformants 
 
Promoters 
 
Gene or gene combinations used in expression vector 
 
Variety 
 
Reference 
 
 3 35S  
RTBV 
Open reading frame 1 of RTBV Taipei 309  
(TP309) 
10  
 6 35S  
RTBV  
Combination of RTBV coat protein region TP309   
 3 35S  
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